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(57) Abstract 

An apparatus for treating emulsifi- 
ed liquids using a minimum of energy, 
comprising a tube heat exchanger (4) 
placed in an evaporation chamber (1). A 
sump (3) for emulsified liquids is placed 
under the tube heat exchanger (4). A com- 
pressor (36) leads vapour from the eva- 
poration side of the heat exchanger to the 
condensing side while it simultaneously 
gives off a certain amount of energy to the 
vapour. The apparatus is working accord- 
ing to the vapour compression principle. 
When operating the apparatus the differ- 
ence of the temperature between the eva- 
poration and condensation is kept within 
a narrow temperature range, just as the 
pressure differences between the sump 
and the evaporation chamber are kept 
within a narrow pressure range. Accor- 
dingly, it will be possible to supply a 
small amount of energy in order to per- 
form an evaporation, compression as well 
as a condensation. 
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1 

AN APPARATUS AND A METHOD FOR TREATING EMULSIFIED LIQUIDS 
The present invention relates to an apparatus and a method for treat- 
ing and separating emulsified liquids. Thus the invention ralates to a 
method for cleaning and separating emulsified liquids, especially cool- 

5 ing/lubri eating oil emulsifications, degreasing water, oil containing 
waste water, waste water from laundries, from the food production, 
solvents and the like, said method comprises vapour compression in 
which the emulsified liquids are boiled in a sump, and in which the 
vapours produced are compressed in a compressor leading the vapours 

10 into a heat exchanger, in which they are cooled and condensed, and in 
which the heat released by the condensation is transferred to the emul- 
sified liquid, said heat exchanger is placed in an evaporation chamber. 
The separation of the specific substances and water or solvents is 
often required due to recycling of the water and/or for reducing the 

15 costs of transportation and destruction of the waste water. 



The industry uses a number of various solvents, e.g. for degreasing 
and cleaning. Besides, the engineering industry is using cooling/lubri- 
cation oils mixed with water. These often enter into a heavy emulsifi- 
20 cation with the water which means that the emulsified liquid is very 
difficult to separate. When the said agent for degreasing, cleaning, 
cooling and lubricating has been used a number of times, it is saturat- 
ed with dirt, heavy metals, moisture, and other impurities. Therefore, 
a concentration or a destruction of the agent in question is required. 

25 

Usually the concentration of solvents is performed by means of a simple 
boiling followed by a subsequent cooling, typically by using water as 
cooling agent. This method is disadvantageous as it is energy consum- 
ing. 

30 

In recent years the concentration of cooling/lubricating oil emulsifi- 
cations has been impeded, because softeners are added to the cooling/ 
lubricating agents thus the oils emulsify heavily with water. Conse- 
quently, a subsequent concentration is very difficult. 

35 

Besides boiling, a chemical method for separating emulsified liquids 
is known. However, the chemical separation is an expensive method re- 
quiring an exact adaption of a demulsifying agent and usually it will 
only be economical at concentrations lower than 1%. 
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Yet another method for concentration of solvents is known, viz. the 
so-called ultra filtration, in which the specific elements are separat- 
ed by filtration. This process is also expensive, and moreover problems 
as to clogging of the specific filters arise and consequently the 
5 method is subjected to uncertainty and requires a demand for frequent 
supervision. 

As it appears from the above several attempts have been made in order 
to provide apparatus and methods for treating emulsified liquids, but 
10 so far these have been associated with disadvantages. 

It is the object of the present invention to remedy the disadvantages 
associated with the known processes and to provide a method in which 
the separation is established by means of a boiling process and a sub- 
15 sequent cooling and in some cases by means of gravitational separa- 
tion, and by subsequent cooling using a minimum of energy. 

According to the present invention this object is achieved by the 
method described in the preamble of the specification and which is 

20 characterized in that the temperature difference between the evapora- 
tion and the condensation is kept within a narrow temperature range of 
about 0.5-6°C, that the level for this temperature range is determined 
on the basis of the desired distillate, that the temperature level is 
controlled by a thermostat filled with a liquid identical with the 

25 desired distillate and that the vapour compression is optionally com- 
bined with gravitation separation of the emulsified liquids. 

Depending on the boiling point of the specific elements in the 
polluted liquid the pressure and the temperature are regulated in the 
30 evaporation chamber. The polluted liquid is heated by means of the 
heating element, e.g. to 100°C and this temperature is maintained by 
pre-heating the liquid in a heat exchanger and by adding extra heat - 
if necessary - by means of the said heating element. 

35 Heating in the sump may be provided by means of an electric heating 
element, and the heat exchanger used may preferable be a tube or plate 
heat exchanger of which the inner and outer tube side are connected to 
the compressor ensuring the transfer of the vapour and the pressure 
increase. The emulsified liquid is transferred from an external source 
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in the sump. This may e.g. take place via a heat exchanger. From the 
sump the emulsified liquid is pumped up into the top of the tube heat 
exchanger, from which it can flow down through the tube heat exchanger 
as a liquid film obtaining an evaporation. In some cases, during the 

5 transfer from the sump to the top of the tube heat exchanger a partial 
flow can be led into a gravitation separator containing a float being 
able to float on one of the liquids but not on the other, e.g. on water 
but not on oil. This float controls a solenoid valve leading the par- 
tial flow back to the system after having drawn off the separated li- 

10 quid, e.g. oil from the top of the gravitation separator. This separa- 
tion process may be very fast due to the high temperature of the liquid 
and the corresponding low viscosity of oil. 

A supervision of the level of the condensed liquid may preferably be 
15 made in the evaporation chamber. Also the measurement of the pressure 
and the temperature of the condensed liquid is made inthe evaporation 
chamber with a view to control the progress of the procedure. 

The condensed liquid can be led through a coalescer before it is drain- 
20 ed out. This ensures that any oils having been transferred with the 
vapour are separated. Furthermore, the apparatus may comprise a density 
metering device that releases a small amount of the concentrated waste 
water if the ion concentration and the corresponding density become 
too high causing increased boiling temperature. 

25 

The method will preferably be effected in a unit provided in an insu- 
lated chamber* 

The circulation pump transfers the heated liquid up into the uppermost 
30 part of the evaporation chamber so that it flows down into the tube 
heat exchanger on the inner side of the tubes as a liquid film. By 
means of the compressor the pressure is increased, and hereby the 
vapour is supplied with energy in the form of pressure and heat. The 
latter causes an energy flow in the tube heat exchanger and provides 
35 an evaporation on the inner side of the tubes. Now the energy circle 
is complete. 

Keeping the evaporation temperature difference and the condensation 
temperature within a very narrow range, e.g. 100-102*C, substances 
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with a lower boiling point will not condense but be vented in the va- 
pour phase and condensed later in a condensation container from which 
it may be drawn off as a liquid for destruction or recycling. 

5 Substances with a higher boiling point and solid particles will not 
evaporate. They remain in the liquid in the sump. When reaching a pre- 
determined level of concentration a draw-off is effected. Alternati- 
vely, such substances may be separated by the gravitation separation 
and become almost completely concentrated. Concentration of the waste 
water takes place continuously in the sump. 



10 



It is important to keep the narrow temperature range in order to mini- 
mize the enery consumption. The ion concentration in the waste water 
may effect the condensing temperature. Thus the density may be moni- 
15 tored by means of a density metering device. Through a solenoid valve 
in the sump it is possible to release a small amount of the concen- 
trated waste water thereby regulating the ion concentration and there- 
by keeping the evaporation and condensing temperature within a requir- 
ed range. 



20 



25 



30 



A method according to the present invention provides a safe separation 
of liquids in a distillate and undesired liquids and solid substances. 
It is also a very energy-saving method, as the power factor will be 
extremely high up to 20-80 depending on the capacity. With the power 
factors mentioned the price for treating 1 ton polluted waste water 
typically ranges from DKK 2.50 to DKK 10.00. 



The principle used is usually referred to as mechanical vapour compres- 
sion, and it is disclosed in Danish Patent Nos. 68,529 and 78,060 filed 
by Mr. Rolf Andersen. It has been used for treating radioactive waste 
water, for producing drinking water out of sea water, as well as for 
concentrating brine, exclusively for use in very large complicated 
systems. The method according to the present invention may be effected 
with an apparatus of a very simple design and suited for use in the 
35 industry where the demands for simple and easy-to-service construc- 
tions are large as well as the investment costs are kept at a minimum 
level. 



ides, the method may be used for separating substances with diffe- 
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rent boiling points within a very narrow temperature range, as the 
present technology ensures that the evaporation and the subsequent 
condensation is effected within a very narrow temperature range, typi- 
cally ranging from 1-2*C. Thus substances with higher boiling points 
5 in the evaporation phase will not evaporate and at the subsequent con- 
densation, substances with lower boiling points will not condensate 
and may be blown off separately, and in this way they are separated. 

In some cases it is optimal to combine the vapour compression principle 
10 with the gravitation separation principle in order to obtain an opti- 
mal separation and a fast process at the relatively high temperature 
and the corresponding low viscosity of oil. 

The invention also relates to an apparatus for use in the above-men- 

15 tioned method. The apparatus operates according to the vapour compres- 
sion principle optionally combined with a gravitation separation and 
of the type which comprises means for boiling the emulsified liquid, 
means for cooling and condensing the vapours produced, which boiling 
and condensing means are constituted by a heat exchanger placed in an 

20 evaporation tank comprising a top and a sump being connected to a pipe 
including a circulation pump and in which the evaporation and conden- 
sation take place whereby the condensed liquid is collected in an eva- 
poration chamber, while the vapour is driven from the evaporation side 
of the heat exchanger to the condensation side by means of a compres- 

25 sor delivering a certain amount of energy to the vapour, characterized 
in that the compressor is provided for being controlled according to 
signals from pressure switches measuring the pressure in the evapora- 
tion chamber and in the sump and according to signals from a thermostat 
being connected to the sump and being filled with a liquid identical 

30 with the desired distillate, and that the sump and the evaporation 
chamber are supplied with draining-off means. 

The apparatus may be equipped with a gravitation separator connected 
to a branching of the pipe connecting the sump and the top of the eva- 
35 poration chamber and being provided for concentration of a partial 
flow. The apparatus may also comprise a coalescer connected to the 
distillate outlet from the evaporation chamber. 

Furthermore a density regulator can be included to control the ion 
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concentration in order to keep the boiling range within certain limits. 



This apparatus which preferably comprises a vertical tube heat exchan- 
ger and which preferably is placed in an insulated chamber may be pro- 
duced as a compact unit in which the method can be practiced in order 
to obtain the desired energy saving. 



In a special compact version the apparatus can be disigned with the 
evaporator chamber and compressor as an integrated unit. This is espe- 
cially useful in apparatus with smaller capacities. 



15 



DESCRIPTION OF THE DRAWING 

The invention will now be further explained with reference to the ac- 
companying drawing, wherein 



Fig. 1 is a schematic view of the apparatus according to the inven- 
tion, 

Fig. 2 is a schematic view of the apparatus according to the inven- 
tion with a humidity-drying filter, 

20 Fig. 3 illustrates the lowermost part of the evaporation tank il- 
lustrated in Figs. 1 and 2, 
Fig. 4 is a schematic view of a further embodiment of the apparatus 
according to the invention with a gravitation separator and 
a density regulator, and 

25 Fig. 5 is a schematic view of the apparatus according to the inven- 
tion with an evaporator and a compressor as an intergrated 
unit. 



The three embodiments illustrated have much in common and accordingly, 
30 identical or corresponding elements are designated with identical re- 
ference numbers in the different Figs. 

The apparatus illustrated in Fig. 1 comprises an evaporation tank 1, 
consisting of an outer shell 2, a cover 16, and a sump 3. These three 
35 parts are collected by flexible bands 14 and 15. In the shell 2 a tube 
heat exchanger 4 is placed consisting of vertically placed tubes 40 
with a diameter of 6-25 mm being welded onto an upper cover plate 5 
and a lower cover plate 6. The tubes 40 are led about 50 mm through 
the upper cover plate 5 ensuring a correct and even distribution of a 
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polluted liquid 41 to be treated (explained below). 



The cover 16 is provided with a distribution ring 17* This distribu- 
tion ring ensures that the polluted liquid 41 pumped from the sump 3 
5 by means of the circulation pump 29 is evenly distributed to all the 
tubes 40. 

The liquid 41 is fed from the sump 3 by means of a circulation pump 20 
via a heat exchanger 18. In front of the circulation pump 20 a stop 
10 valve 21 is placed preventing reflux during standstill -periods. 

The polluted liquid 41 is elevated to e.g. 100°C - in case of liquids 
with water as main element - by means of an electrical heating element 
25. The temperature of the liquid 41 is controlled and supervised by 
15 means of a thermostat 26. The pressure in the sump 3 is controlled and 
supervised by a pressure switch 28. The pressure in the evaporation 
tank 1 is controlled and supervised by a pressure switch 33. 

The thermostat 26 and the pressure switches 28 and 33 are specially 
20 designed with a large diaphragm in order to meter very small differen- 
ces. This is necessary in order to ensure a correct control of the 
boiling point and the corresponding vapour pressure for a distillate 
44 in question. The interior of the thermostat 26 is filled with a 
reference liquid identical with the distillate 44. I.e. water to be 
25 distilled, the reference liquid is also water. The pressure switches 
28 and 33 are designed so that an automatic adjustment takes place in 
case the atmospheric pressure changes. This is necessary in order to 
ensure a registration and adjustment of the correct vapour pressure 
during evaporation. In the sump 3 a conductivity meter 43 is placed 
30 supervising the contents of ions in the liquid 41. In case the concen- 
tration is too high a solenoid valve 42 is opened for draining off the 
concentrated liquid 41 from the bottom of the sump 3. 

If the liquid 41 contains large amounts of oil and oily liquids 
35 lighter than the distillate 44 these will float on the surface of the 
liquid 41. Draining off this oil is controlled at the level controller 
27 and the solenoid valve 19. 

The mode of operation and the special construction of the sump 3 in 
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this connection are illustrated in Fig. 3 and will be described later. 



In the evaporation tank 1 a level controller 30 is placed to supervise 
and to secure the draining off the distillate 44 via a solenoid valve 
5 39 and a heat exchanger 18. The heat exchanger 18 ensures that the 
heat removed by draining off the distillate 44 is transferred to the 
liquid 41 which is led into the sump 3, so that the heating element 25 
must supply a minimum of power only. 

10 When deactivating the apparatus and switching off the power the sole- 
noid valve 39 ensures that atmospheric air is drawn into the evapora- 
tion tank 1 and thus a pressure compensation is established. In opera- 
tion the temperature in the evaporation tank 1 may be above 100°C and 
during the cooling in connection with a deactivating of the apparatus 

15 a vacuum could arise in the evaporation tank 1 so that it might col- 
lapse and be damaged. 

The evaporation tank 1 is provided with the pressure switch 33 super- 
vising the pressure and ensuring the blowing-off of the non-condens- 

20 able gases via a solenoid valve 32 to a condensation chamber 23, in 
which the gas condensates due to a low temperature. The condensation 
chamber 23 is provided with a throttle valve 24 which at one hand emp- 
ties non-condensable gases from the condensation chamber 23 and, at 
the other hand, ensures a continuous emptying of non-condensable gases 

25 from the evaporation tank 1 via a throttle valve 31. An emptying of 
the condensation chamber 23 is effected by means of a manual stop val- 
ve 22. 



A mechanical safety valve 34 is mounted in the evaporation chamber 1 
30 for extra security. A vapour compressor 36 being driven by an electric 
motor 37 via a shaft 45 is connected to the sump 3. In order to secure 
that oil drops are carried along from the sump 3 through the vapour 
compresor 36 a drop catch 38 is arranged in from of the inlet of the 
vapour compressor 36. 

35 

The outlet of the vapour compressor 36 is connected to the upper part 
of the shell 2 being connected to the outer part of the tube heat ex- 
changer 4. The evaporation tank 1 with the vapour compressor 36, con- 
trol means, and solenoid valves are encapsulated in an insulated cabi- 
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net 35 in order to maintain the correct working temperature. 



In principle the apparatus illustrated in Fig. 2 is identical with the 
apparatus shown in Fig, 1, however, with the exception that a humidi- 
5 ty-drying filter 47 is placed between the vapour compressor 36 and the 
drop catch 38 in order to absorb humidity when the apparatus is used 
for treating e.g. solvents or refrigerants where the demands to the 
level of residual moisture are extremely high. 

10 In this version a standard tube size as shell 2 is used and a larger 
dimension for the tubes 40 are used, whereby a reduction in the manu- 
facturing costs is obtained, and simultaneously the demands for an 
increased working pressure may be met* 

15 This version is also suitable for small capacities of 5-10 1/h for 
liquids with water as main element. 



Fig. 3 illustrates the sump 3 being so embodied that separation of oil 
from the liquid is optimized. 

20 

After evaporation of the distillate 44 the concentrated oil and water 
drip down onto a hopper 7 ending in a wide tube 48. Owing to the dif- 
ferences in specific gravity the oil will float and accumulate in the 
upper part of the wide tube 48. 

25 

When the level controller 27 with a float 46 indicates low level of 
liquid, liquid 41 is added until an upper level is reached. Simultane- 
ously, with the initial filling the solenoid valve 19 is opened, so 
that the oil accumulated in the wide tube 48 flows over the edge of an 
30 inner tube 10 and out of the sump 3. When the filling is compleated 
the solenoid valve 19 is closed again. 

If salts are concentrated in the sump 3, this is registered by means 
of a conductivity meter 43 signalling the opening of the solenoid val- 
35 ve 42 which closes again by means of a timer which is not shown. 

The apparatus is used in the following manner. The polluted liquid 41 
to be treated is added by starting a circulation pump 20, which is 
controlled by the level controller 27, so that the sump 3 is filled 
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until a predetermined level. 

Depending on the boiling point of the distillate 44, e.g. water, the 
liquid 41 is in this case heated in the sump by means of the heating 
5 element 25, e.g. to 100°C. When this temperature is reached the vapour 
compressor 36 is started by means of the thermostat 26 and the pres- 
sure switch 28, which have to register a pressure and a temperature 
corresponding to the boiling point temperature and the boiling point 
pressure of the distillate 44. 

10 

If this is not the case, e.g. because a liquid having a lower boiling 
point being mixed with the liquid 41, the pressure will be sufficient- 
ly high but the temperature will be to low. If this is the case the 
vapour of the lower boiling liquid is led via the compressor 36 to the 
15 evaporation tank 1, from which it is led to the condensation chamber 
23 through the solenoid valve 32 being controlled by the pressure 
switch 33 and the thermostat 26 in combination. 

When the pressure and the temperatur in the sump 3 correspond to the 
20 distillate 44 which is to be separated, the vapour compressor 36 is 
started, and the vapour is led from the sump 3 to the evaporation tank 
1. 

When activating the apparatus the circulation pump 29 is started, so 
25 that the liquid 41 is transferred to the cover 16 from where, via the 
diversion ring 17, so that it is led down into the tubes 40 as a li- 
quid film so that an optimal heat-transfer and thus an optimal evapo- 
ration is obtained. 

30 The vapour that is carried along from the sump 3 passes through a per- 
forated screen 8 in order to collect any drops. Furthermore, drops may 
be collected in the drop catch 38 placed in front of the compressor 
36. The compressor 36 supplies energy to the vapour so that the tempe- 
rature of the vapour is increased slightly, for water vapour typically 

35 from 100 - 102°C. This difference in temperature is to be maintained 
as low as possible in order to optimize the apparatus. The whole unit 
is arranged inside the insulated cabinet 35 in order to reduce heat 
loss to the surroundings. 
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The vapour driven by the compressor 36 is condensated on the outer 
side of the tubes 40 and is collected in the bottom of the evaporation 
tank 1, and can be drained off as a condensate 44, when a desired le- 
vel is reached. The level controller 30 controls the solenoid valve 39 
5 that drains off the di still ated 44 through the heat exchanger 18 en- 
suring that the accumulated heat in the distillate 44 is given off to 
the liquid 41 to be treated. 

The apparatus illustrated in Fig, 4 shows an embodiment where the va- 
10 pour compression and the gravitation separation principles are combi- 
ned in one unit. 

A partial flow is extracted just after the circulation pump 29 and is 
fed through a restrictor 58 into a gravitation separator 48 consisting 

15 of a tube 55 with top and bottom. In this tube 55 a float 49 is placed 
which float being supplied with a ring magnet 50 at the top. Both the 
float and the ring magnet surround a tube 62 in which a reed relay 51 
is placed. When passing the reed relay 51 the ring magnet will activa- 
te this and control the open/close function of a solenoid valve 53 

20 which is connected to the reed relay by a conduit 52. The float 49 is 
provided so that it floats in water but not in oil. Accordingly, the 
oil which has been separated as a result of gravitation rises to the 
surface and may subsequently be skimmed off through a connection pipe 
54 as completely concentrated oil. 

25 

Using the gravitation separation method of the invention means that 
only a small amount or no oil is to be drained off through the sole- 
noid valve 19 (not shown in Fig. 4). 

30 When draining off the distillate 44 a mixture containing a small amount 
of residual oil may occur. Such mixture has been led through the va- 
pour compressor 36 and is condensed together with the distillate 44. 

To secure that this oil is separated, coalescing means 61 has been 
35 installed in front of the outlet via the solenoid valve 39 and the 
heat exchanger 18. The coalescing means 61 is provided in the form of 
a tube 60 with closed top and bottom. About half of the tube 60 has 
been filled up with an insulation material 59 of the type rockwool. 
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This insulation material has been arranged behind a perforated plate 
69, The material 59 is temperature resistant and will collect the 
small oil drops that may be condensed together with the distillate 44, 
so that these drops get larger and come to the surface, from which 
5 they are skimmed off through an outlet 57 and an restrictor 63, A le- 
vel regulator 56 controls the solenoid valve 39 depending on the pre- 
sence of oil or water around the level regulator 56. 

In certain cases a concentration of ions can occur resulting in an 
10 increased boiling temperature in the sump 3. 

To control this a density regulator 68 is used consisting of a tube 64 
with closed top and bottom, a float 66 with a permanent magnet 65 and 
a reed relay 67. The density regulator 68 is connected to the sump 3 
15 and automatically controls the opening and closing of the solenoid 
valve 42' releasing a small amount of the liquid 41, and thus regulates 
the concentration thereof. The regulator 68 replaces the conductivity 
meter 43. 

20 In this way it is possible to keep the ion concentration within a cer- 
tain range and thereby the boiling point is also kept within a range 
securing continuous optimal operation of the unit. 

The apparatus illustrated in Fig. 5 shows a special embodiment, in 
25 which the evaporator and compressor are produced in one unit. This 
version is particularly usable in small plants of capacities of 1-10 
1/h. 

The unit comprises an evaporation tank 71 containing and inner chamber 
30 76 with a stirrer 73, a drop cover 80, a heating element 74, and an 
inlet 72 for filling of the polluted liquid 41. Between the inner 
chamber 76 and an outer chamber 70 a fan rotor 77 is placed. This is 
actuated by an electric motor 78, which also acutates the stirrer 73 
on a common shaft 79. 

35 

The outer chamber 70 is also supplied with an outlet 75 for draining 
off the distillate 44. 



The unit illustrated in Fig. 5 will be inexpensive, and it may be ma- 
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nufactured solidly. In addition the unit may form a separate component 
of the apparatus illustrated in Figs. 1,2, and 4. 

The principle is the same as for the apparatus illustrated in Fig. 1 
5 but with the difference that the inner and outer chambers 76 and 70 
constitute the heat exchanger parts. The stirrer 73 will secure that 
vapours are giving free from the polluted liquid 41 and the pressure 
of the vapour is elevated by the fan rotor 77, so that it will con- 
dense in the outer chamber 70 in heat exchange with the inner chamber 
10 76. The heating element 74 will elevate the temperature to the desired 
level, and in operation it will maintain the temperature dependent on 
signals from the thermostat 26 (not shown in Fig. 5). 

Other controlling elements will be the same as illustrated for the ap- 
15 paratus according to Figs. 1,2, and 4. 

It is essential to see the whole functional principle collectively, as 
evaporation, compression and condensation of the vapour take place 
simultaneously. The principle requires very little energy, as only the 
20 energy supplied by the compressor 36 and a number of minor losses are 
necessary for the process to work. 

For oil containing waste water efficiencies of 40-80 are obtained, for 
solvents - for example Rll - efficiencies of 15-30 are obtained, for 
25 refrigerants - for example R12, efficiencies of 15-30 are obtained. 
This means that substantial savings may be obtained when treating li- 
quids, solvents, etc. 

For solvents - for example Rll - the typical operating conditions will 
30 be: 



- capacity: about 100 1/h 

- evaporation temperature: 24°C 

- condensation temperature 36°C 

35 - evaporation pressure: 1027 mbar 

- condensation pressure: 1343 mbar 



For liquids with water as main element the typical operating condi- 
tions will be: 
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- capacity: 

- evaporation temperature: 

- condensation temperature: 

- evaporation pressure: 

- condensation pressure: 



1013 mbar 



1052 mbar 



100 1/h 
100*C 



101°C 



The apparatus according to the invention can be used for liquids hav- 
ing high boiling point as well as liquids having low boiling point, 
and will be able to separate the individual components of the liquid 
41 to be treated. The high boiling liquids will remain in the sump 3 
and be drained off, while the low boiling liquids are drawn off with 
the vapour and led to the tube heat exchanger 4. However, they will 
not condense at the high temperature existing here. Such vapours will 
be led to the condensing chamber 23 in which they are condensed and 
accordingly separated from the distillate. 



20 



25 



30 



35 
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CLAIMS 

1. A method for cleaning and separating emulsified liquids (41), espe- 
cially cooling/lubricating oil emul si fi cations, degreasing water, oil 

5 containing waste water, waste water from laundries, from the food pro- 
duction, solvents and the like, said method comprises vapour compres- 
sion in which the emulsified liquids are boiled in a sump (3), and in 
which the vapours produced are compressed in a compressor leading the 
vapours into a heat exchanger (4;70,76), in which they are cooled and 

10 condensed, and in which the heat released by the condensation is trans- 
ferred to the emulsified liquid, said heat exchanger is placed in an 
evaporation chamber (1), characterized in that the tempe- 
rature difference between the evaporation and the condensation is kept 
within a narrow temperature range of about 0.5-6"C, that the level for 

15 this temperature range is determined on the basis of the desired dis- 
tillate, that the temperature level is controlled by a thermostat (26) 
filled with a liquid identical with the desired distillate and that 
the vapour compression is optionally combined with gravitation separa- 
tion of the emulsified liquids (41). 

20 

2. A method according to claim 1, characterized in that 
the compressor (36) driving the vapour from the evaporation chamber of 
the heat exchanger (4;70,76) to the condensation chamber maintains the 
pressure difference within a narrow range of about 20-200 mbar. 

25 

3. A method according to claims 1 or 2, characterized in 
that the temperature range is about 0.5-3°C for treating aqueous 
liquids and about 1-6 °C for treating solvent emulsifications and that 
the pressure range is about 20-120 mbar for treating aqueous liquids 

30 and about 50-200 mbar for treating solvent emulsifications. 

4. A method according to ant one of the preceding claims, c h a - 
racterizedin that the non-condensable gases are vented auto- 
matically and condensed in a separate condensation chamber (23), that 

35 a thermostat having a little difference is used for determing the tem- 
perature range (26), and pressure switches (28,33) having a little 
difference are used for determing the pressure range, and that the 
thermostat and pressure switches are supplied with bellows being in 
contact with the atmosphere, so that changes in the atmospheric pres- 
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sure are compensated for automatically. 

5. An apparatus for use in a method according to any one of the pre- 
ceding claims and of the type that operates according to the vapour 

5 compression principle optionally combined with a gravitation separa- 
tion and of the type which comprises means for boiling the emulsified 
liquid (41), means for cooling and condensing the vapours produced, 
which boiling and condensing means are constituted by a heat exchanger 
(4) placed in an evaporation tank (1) comprising a top (16) and a sump 

10 (3) being connected to a pipe including a circulation pump (29) and in 
which the evaporation and condensation take place whereby the condens- 
ed liquid is collected (at 44) in an evaporation chamber, while the 
vapour is driven from the evaportaion side of the heat exchanger to 
the condensation side by means of a compressor (36) delivering a cer- 

15 tain amount of energy to the vapour, characterized in that 
the compressor (36) is provided for being controlled according to sig- 
nals from pressure switches (28,33) measuring the pressure in the eva- 
poration chamber and in the sump (3) and according to signals from a 
thermostat (26) being connected to the sump (3) and being filled with 

20 a liquid identical with the desired distillate (44), and that the sump 
(3) and the evaporation chamber are supplied with draining-off means 
(19,22,39,42, 61). 

6. An apparatus according to claim 5 and of the type in which the 
25 vapour compression is combined with gravitational separation, cha- 
racterized™ that a gravitation separator (48) is connected 
to a branching (58) of the pipe connection the sump (3) and the top of 
the evaporation chamber just after the circulation pump (29). 

JO 7. An apparatus according to claim 5 or 6, characterized 
in that the draining-off means (39,61) of the evaporation chamber com- 
prises coalescing means (61). 

8. An apparatus according to any one of claims 5-7, character- 
J5 i z e d in that the evaporation chamber, the sump (3), the compressor 
(36), the piping system and further auxiliary equipment are arranged 
in an insulated chamber (35), and that the draining-off means (19,22, 
39,42,61) are embodied so that the concentrated liquid in the sump (3) 
and the distillate (44) in the evaporation chamber, the liquids sepa- 
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rated in the gravitation chamber (48) and the liquids separated in the 
coalescing means (61) are drained off automatically. 

9. An apparatus according to any one of claims 5-8, character- 
5 i z e d in that the thermostat (26) connected to the sump (3), and the 

pressure switches (27,33) connected to the sump and the evaporation 
chamber, respectively, are constructed for registration of very small 
differences at the boiling point of the distillate and the correspond- 
ing pressure of the distillate, and that the thermostat (26) and the 
10 pressure switches (27,33) are provided with bellows being in contact 
with the atmosphere so that it is possible to compensate for the chan- 
ges in the atmospheric pressure automatically, 

10. An apparatus according to any of claims 5-9, character- 
15 i z e d in that a density regulator (68) or a conductivity meter (43) 

is connected to the sump (3) for metering the density and the conduc- 
tivity, respectively, of the polluted liquid (41), said density regu- 
lator and said conductivity meter control the opening and closing of a 
draining-off valve (42', 19). 

20 



25 



30 



35 
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